**Core tip:** We uncovered the importance of platelets in pancreatic neuroendocrine tumors and investigated the association between clinical outcome and preoperative platelet-associated indicators and tumor-infiltrating platelets in pancreatic neuroendocrine tumors. Platelet count, mean platelet volume, and platelet-to-lymphocyte ratio determined by preoperative blood tests were not related to overall survival or recurrence-free survival. Thus, tumor-infiltrating platelets are potential independent indicators of survival and recurrence in patients with resectable pancreatic neuroendocrine tumors.

INTRODUCTION
============

Pancreatic neuroendocrine tumor (pNET) is the second most common malignancy among all pancreatic tumors, and its incidence has been increasing over the years\[[@B1]\]. Surgery remains the preferred treatment for pNET\[[@B2],[@B3]\]. However, patient prognoses after surgery differ because of the inherent heterogeneity of these tumors. Various guidelines have been modified to classify the prognosis of pNET patients. Most studies have concentrated on the significance of tumor cells, but few have focused on the importance of the tumor microenvironment in pNET.

Platelets are an important component of the tumor microenvironment. They participate in growth, extravasation, epithelial--mesenchymal transition, and metastasis of tumor cells by secreting microparticles and exosomes\[[@B4]\]. They also mediate the interaction between tumor cells and immune cells\[[@B5]\]. Moreover, platelets reportedly influence the prognosis and drug resistance of different tumors and can serve as treatment carriers\[[@B6],[@B7]\].

Nevertheless, the ability of platelet-associated indicators determined by blood tests to predict clinical outcome is in dispute. Although one study identified platelet count as a risk factor for recurrence and 3-year survival probability in resectable pNET\[[@B8]\], another study reported that platelet count was not associated with overall survival (OS) in inoperable advanced or metastatic pNET\[[@B9]\]. Other platelet-associated indicators, such as mean platelet volume (MPV) and platelet-to-lymphocyte ratio (PLR), have been described as distinguishable serous indicators of pNET risk and prognosis\[[@B10],[@B11]\]. However, in another study, MPV and PLR in pNET were reported not to be independent recurrence risk factors for patients with radical resection\[[@B12]\]. Tumor-infiltrating platelets (TIPs) are educated and activated by tumor cells, and their distribution promotes metastasis of tumor cells. A previous study revealed the prognostic significance of TIPs in resectable pancreatic cancer\[[@B13]\]. However, the role of TIPs in pNET remains unclear.

In this study, we evaluated the potential value of TIPs assessment as a biomarker to predict survival and recurrence outcome in patients with pNET undergoing radical resection.

MATERIALS AND METHODS
=====================

Patients
--------

In total, 113 patients who had undergone radical surgical resection from 2012 to 2017 at our institution were retrospectively enrolled. All specimens were selected *via* pathologic diagnosis as pNET without distant metastasis or other tumor history. None of the patients had received any preoperative chemotherapy or radiotherapy or died of postoperative complications within 30 d. All cases included complete clinical preoperative and postoperative data, and all patients received therapy at Fudan University Shanghai Cancer Center. This study was approved by the Human Research Ethics Committee of Fudan University Shanghai Cancer Center and was performed in accordance with the tenets of the World Medical Association Declaration of Helsinki.

Age referred to the time when a patient was definitively diagnosed with pNET. Tumor location was divided into pancreatic head or pancreatic body with tail. Tumor grade was classified according to the Ki-67 labeling index of the World Health Organization in 2017, and Tumor Nodes Metastases (TNM) staging was assessed as the eighth edition norm of the American Joint Committee on Cancer. Preoperative platelet-associated indicators, including platelet count, MPV, and PLR, were measured and calculated *via* blood tests within 3 d before surgery.

Postoperative patients were routinely evaluated according to clinical manifestations and auxiliary examinations, including tumor markers (carbohydrate antigen 19-9, cancer antigen 125, and carcinoembryonic antigen, among others) and imaging examinations (enhanced computed tomography, enhanced magnetic resonance imaging, *etc*). All patients were strictly followed up until the last follow-up in January 2019. OS was defined as the interval from the date of surgery to death or the last follow-up. Recurrence-free survival (RFS) was defined as the interval from the date of surgery to the date of tumor recurrence or the last follow-up.

Histopathological assessment
----------------------------

Formalin-fixed and paraffin-embedded serial pathological sections of surgical resection specimens were utilized to perform immunostaining. Immunohisto-chemistry is described in detail below. Baked slides were deparaffinized in xylene and rehydrated in an ethanol concentration gradient. Endogenous peroxidase activity was inhibited with a 3% methanol solution of hydrogen peroxide in an aqueous chamber at 37 °C, and antigen retrieval was conducted using high-pressure heated induction in citrate buffer (pH 6.0, G1201, Servicebio, Wuhan, China). Then, nonspecific binding was blocked with 10% normal goat serum, and primary monoclonal anti-CD42b antibody (diluted 1:150, anti-CD42b, EPR6995; Abcam, Cambridge, MA, United States) was applied to detect the platelet-specific marker CD42b. Slides were incubated with secondary antibody along with the 3,3'-diaminobenzidine chromogen using a Secondary Antibody Kit (G1210-2-A, Servicebio). Next, nuclei were stained with hematoxylin (G1004, Servicebio). Finally, the slices were sequentially exposed to an ethanol concentration gradient and xylene and were then sealed airtight with neutral resin and coverslips.

The immunostaining images of the whole slide from each case were evaluated under low-power scanning magnification (× 100). Hotspot images were defined as the areas in the tumor with the highest number of cells with immunoreactive staining. Under high-power magnification (× 200), five representative photographs of the hotspot were captured to identify the number of TIPs. The results were independently reviewed by two blinded, independent, clinically experienced pathologists. Positive tests were performed with pancreatic adenocarcinoma that definitively showed CD42b staining. Negative controls were treated identically but with the primary antibodies omitted. The evaluation criteria were that positive referred to an immunostained platelet distribution that accounted for ≥ 10% of the intratumoral region and negative referred to an immunostained platelet distribution that accounted for \< 10% of intratumoral region; furthermore, samples with platelet immunostaining limited to intratumoral vessels or the peritumoral area were also regarded as negative\[[@B13]-[@B15]\]. In the study, we evaluated 5%, 10%, and 20% as the cut-off values for CD42b expression. The proportion of positive CD42b expression at cut-off values of 5%, 10%, and 20% was 60.18%, 47.79%, and 25.66%, respectively. The *P* value for survival comparison between patients with positive CD42b expression and those with negative CD42b expression were 0.042, 0.005, and 0.771, respectively, at cut-off values of 5%, 10%, and 20%. The cut-off value of 10% had the best survival discrimination and was chosen as the cut-off value.

Statistical analysis
--------------------

Correlations between TIP expression and clinicopathologic characteristics were analyzed using a chi-square test. Kaplan--Meier survival curves were used to display OS and RFS, and differences between groups were compared with a log-rank test. Univariate and multivariate Cox regression analyses were used to identify independent prognostic factors for recurrence and survival. All tests were two sided, and *P* \< 0.05 was considered statistically significant. Statistical analyses were performed using SPSS 24.0 software (SPSS Inc., Armonk, NY, United States).

RESULTS
=======

Clinicopathologic characteristics of patients
---------------------------------------------

The clinicopathologic characteristics of all the patients are shown in Table [1](#T1){ref-type="table"}. The median age was 54 years, and 50 (44.24%) patients were males. There were 66 (58.41%) patients with pancreatic head tumors, and 5 (4.42%) patients with functional pNET, all belonging to insulinoma. The majority (58.41%) of patients was stage 1 and stage 2, and the rest were stage 3. Similarly, 101 (89.38%) tumors were grade 1, and the remaining were grade 2. The median preoperative platelet count, MPV, and PLR were 225 × 10^9^/L, 11.1 fL, and 130.7, respectively. At the last follow-up, 13 patients (11.50%) had died, and 41 patients (36.28%) had recurrence. Furthermore, the 1-year, 3-year, and 5-year mortality rates were 3.6%, 8.8%, and 14.2%, respectively, and the 1-year, 3-year, and 5-year recurrence rates were 8.0%, 15.7%, and 27.7%, respectively.

###### 

Clinical characteristics of patients

  **Clinical characteristics**         
  ------------------------------------ -------------------------
  Age in yrs, as median (range)        54 (25, 82)
  Gender, male/female                  50/63
  Tumor location, head/body, tail      66/47
  Tumor diameter, as median (range)    3.8 (1.0, 10.5) cm
  Extend of disease, localized/nodal   66/47
  Tumor grade, 1/2                     101/12
  TNM stage, 1, 2/3                    66/47
  Functional pNET, no/yes              108/5
  MPV, as median (range)               11.1 (9.1, 13.8) fL
  PLR, as median (range)               130.7 (13.6, 413.3 )
  Platelet count, as median (range)    225 (79, 436) × 10^9^/L
  Death, no/yes                        100/13
  Recurrence, no/yes                   72/41

MPV: Mean platelet volume; PLR: Platelet lymphoid ratio; pNET: Pancreatic neuroendocrine tumor; TNR: Tumor, nodes, metastases.

Presence of TIPs was associated with poor OS and RFS
----------------------------------------------------

Positive CD42b (a platelet-specific marker) expression was seen in the intratumoral spaces surrounding cancer cells (Figure [1A and B](#F1){ref-type="fig"}); in contrast, negative CD42b staining referred to an absence of intratumoral CD42b expression or positive CD42b expression only in intratumoral vessels (Figure [1C and D](#F1){ref-type="fig"}). Positive CD42b expression was observed in 47.79% of the patients. As shown in Table [2](#T2){ref-type="table"}, neither basic characteristics nor preoperative platelet count, MPV, or PLR showed a statistical relationship with CD42b expression (all *P* \> 0.05). Kaplan-Meier survival curves revealed that patients with positive CD42b expression showed worse OS (*P* = 0.005) and RFS (*P* \< 0.001) than those with negative CD42b expression (Figure [2](#F2){ref-type="fig"}), indicating that the presence of TIPs was associated with poorer clinical outcomes.

![Representative microphotographs of CD42b staining. A: Positive, CD42b expression aggregating around and embracing tumor cells; B: Positive, CD42b expression surrounding tumor cells and intratumoral blood vessels; C: Negative, no CD42b staining in intratumoral region; D: Negative, CD42b staining only in intratumoral vessels. All magnifications × 400. Positive staining appears brown.](WJG-25-6248-g001){#F1}

###### 

The relationship between CD42b expression and clinicopathologic characteristics of patients

  **Factor**                     **CD42b expression**   ***P* value**   
  ------------------------------ ---------------------- --------------- -------
  Age in yr                                                             0.157
  \< 54                          33                     23              
  ≥ 54                           26                     31              
  Gender                                                                0.968
  Male                           26                     24              
  Female                         33                     30              
  Tumor location                                                        0.186
  Head                           31                     35              
  Body, Tail                     28                     19              
  Tumor grade                                                           0.439
  1                              54                     47              
  2                              5                      7               
  TNM stage                                                             0.556
  1, 2                           36                     30              
  3                              23                     24              
  Functional pNET                                                       1.00
  No                             56                     52              
  Yes                            3                      2               
  Platelet count, as × 10^9^/L                                          0.928
  \< 225                         29                     27              
  ≥ 225                          30                     27              
  MPV in fL                                                             0.298
  \< 11.1                        32                     24              
  ≥ 11.1                         27                     30              
  PLR                                                                   0.507
  \< 130.7                       31                     25              
  ≥ 130.7                        28                     29              

*P* \< 0.05 was statistically significant. pNET: Pancreatic neuroendocrine tumor; MPV: Mean platelet volume; PLR: Platelet lymphoid ratio; TNR: Tumor, nodes, metastases.

![The relationship between CD42b expression and overall survival and recurrence-free survival. A: OS (^a^*P =* 0.005); B: RFS (^b^*P* \< 0.001). Patients with positive CD42b expression had worse OS and RFS than those with negative CD42b expression. *P* values were calculated by Kaplan--Meier estimations. OS: Overall survival; RFS: Recurrence-free survival.](WJG-25-6248-g002){#F2}

Presence of TIPs was an independent prognosis factor for patients
-----------------------------------------------------------------

As shown in Table [3](#T3){ref-type="table"}, univariate analysis showed that TNM stage (OS: *P* = 0.005; RFS: *P* = 0.001), tumor grade (OS: *P* \< 0.001; RFS: *P* \< 0.001), and CD42b expression (OS: *P* = 0.015; RFS: *P =* 0.001) were associated with patient clinical outcomes, while platelet count, MPV, and PLR were not associated with patient OS or RFS (all *P*\>0.05). Multivariate analysis (Table [4](#T4){ref-type="table"}) showed that CD42b expression was an independent prognostic factor for both OS (*P =* 0.049) and RFS (*P =* 0.003). Tumor grade and TNM stage were also independently associated with patient prognosis. The above results demonstrate that the presence of TIPs is a predictor of poor OS and RFS.

###### 

Univariate Cox regression analyses of overall survival and recurrence-free survival with clinicopathologic characteristics in resectable pancreatic neuroendocrine tumor patients

  **Factor**                                   **OS**   **RFS**                                            
  -------------------------------------------- -------- ---------------- ---------- ------- -------------- ----------
  Age, \< 54/≥ 54                              1.790    0.585-5.481      0.308      0.995   0.538-1.840    0.987
  Gender, male/female                          2.689    0.740-9.770      0.133      0.972   0.526-1.796    0.929
  Tumor location, head/body, tail              0.760    0.233-2.482      0.650      1.026   0.531-1.982    0.939
  Tumor grade, 1/2                             13.403   4.332-41.466     \< 0.001   5.509   2.299-13.199   \< 0.001
  TNM stage, 1, 2/3                            8.861    1.960-40.064     0.005      2.892   1.527-5.477    0.001
  Functional pNET, no/yes                      0.046    0.000-5340.899   0.606      0.412   0.056-3.007    0.382
  Platelet count, as × 10^9^/L, \< 225/≥ 225   2.497    0.768-8.114      0.128      1.188   0.642-2.201    0.583
  MPV in fL, \< 11.1/≥ 11.1)                   1.442    0.472-4.411      0.521      1.547   0.827-2.893    0.172
  PLR, \< 130.7/≥ 130.7                        1.217    0.409-3.624      0.724      1.043   0.564-1.927    0.894
  CD42b expression, negative/positive          6.432    1.425-29.025     0.015      3.203   1.603-6.400    0.001

*P* \< 0.05 was statistically significant. pNET: Pancreatic neuroendocrine tumor; CI: Confidence interval; HR: Hazard ratio; OS: Overall survival; RFS: Recurrence-free survival; MPV: Mean platelet volume; PLR: Platelet lymphoid ratio.

###### 

Multivariate Cox regression analyses of overall survival and recurrence-free survival with clinicopathologic characteristics in resectable pancreatic neuroendocrine tumor patients

  **Factor**                            **OS**   **RFS**                                      
  ------------------------------------- -------- -------------- ------- ------- ------------- -------
  Tumor grade, 1/2                      5.882    1.848-18.719   0.003   3.283   1.345-8.016   0.009
  TNM stage, 1, 2/3                     5.136    1.062-24.842   0.042   2.366   1.219-4.591   0.011
  CD42b expression, negative/positive   4.601    1.004-21.095   0.049   2.893   1.439-5.817   0.003

*P* \< 0.05 was statistically significant. pNET: Pancreatic neuroendocrine tumor; CI: Confidence interval; HR: Hazard ratio; OS: Overall survival; RFS: Recurrence-free survival.

DISCUSSION
==========

In this study, platelet count determined by a blood test had no significant value in prediction of survival and recurrence in pNET. Similar results were observed with other platelet-associated indicators determined by a blood test. Notably, we demonstrated that the presence of TIPs in the tumor microenvironment in pNET exhibited potential as a risk biomarker to predict the prognosis of pNET following radical resection. The determination of TIPs in tumors could improve prognostic classification of pNET after resection.

Several reasons were attributed to the irrelative association between preoperative platelet count, MPV, and PLR determined by blood tests and clinical outcome in resectable pNET. First, these indicators themselves might not be appropriate to predict prognosis. Platelet count, MPV, and PLR provide limited information concerning the malignant features of pNET, and their levels remained unchanged even after tumor recurrence\[[@B12]\]. Second, preoperative platelet count, MPV, and PLR determined by blood tests are easily affected by other diseases, such as hematopoietic disease, hypersplenism, and common cardiovascular and cerebrovascular diseases. They can also be influenced by drugs, such as aspirin\[[@B16]\]. Last, platelet count, MPV, and PLR detected as systemic indicators might not accurately reflect the specific regional details of the tumor microenvironment. Minor changes in the tumor microenvironment cannot be determined by systemic indicators.

TIPs exhibit the activated and agminated status of intratumoral platelets, which are enticed by tumor cells into sustaining stability. They are induced by tumor cells *via* direct and indirect mechanisms through a series of indispensable processes that can be divided into penetration, activation, and aggregation\[[@B17]\]. TIPs travel easily through tumor-associated vessels due to the fragility of these vessels, which are characterized by overexpressed, abnormal, and leaky tumor vasculature\[[@B18]\]. They are subsequently activated by cancer-released factors, cancer-surface molecules, or cancer-induced aggregation\[[@B19]\]. TIPs gather around tumor cells and further motivate other platelets through the process of platelet coagulation\[[@B20]\]. TIPs are seldom affected by changes in blood contents because TIPs are formed by activated platelets that are primarily attracted from the bloodstream into the tumor region by tumor cells. Thus, no statistical relationship was observed between TIPs and platelet count, MPV, or PLR (Table [2](#T2){ref-type="table"}).

The presence of TIPs is considered a potential biomarker for predicting prognosis outcome in resectable pNET, which is attributed to the interaction between platelets and tumor cells. Not only can tumor cells stimulate platelets, but platelets can also communicate with tumor cells by releasing numerous proteins, growth factors, microparticles, and microRNAs to promote tumor progression\[[@B17]\]. Platelets enhance tumor proliferation by secreting transforming growth factor-β\[[@B21]\], promote tumor invasion *via* secretion of microRNA-223\[[@B22]\], and facilitate tumor metastasis through activation of YAP1 signaling in tumor cells\[[@B23]\]. Activated platelets rely on paracrine activation of the epidermal growth factor receptor and downstream DNA-dependent protein kinase to motivate the anti-apoptosis response of tumor cells\[[@B24]\]. Platelets produce the proangiogenic proteins vascular endothelial growth factors, which contribute to the neovascularization process that assists tumor cells in obtaining sufficient nutrition and aid in further extravasation\[[@B17],[@B25]\]. The antitumor reactivity of natural killer cells can also be impaired by platelets through platelet-derived transforming growth factor-β\[[@B26]\]. In addition, platelets induce cisplatin resistance through the Akt/Bad/Bcl-2 signaling pathway under endoplasmic reticulum stress\[[@B7]\]. The interaction between platelets and tumor cells forms a mutually reinforcing cycle that promotes tumor metastasis. Thus, a reduction in platelet infiltration in the tumor microenvironment might be a potential treatment strategy for pNET. In addition, one of the mechanisms underlying the antitumor effect of aspirin in pNET with multiple endocrine neoplasia type 1 was attributed to targeted therapy of platelets\[[@B27]\].

Our study has some limitations. First, the nature of a retrospective study with a limited sample size restricts the level of evidence. Another prospective study with a larger sample size needs be conducted with multicenter cooperation. Next, the mechanism by which platelets influence the recurrence of patients with resectable pNET was not thoroughly investigated, and thus, additional experiments to examine the mechanism need to be implemented.

In conclusion, we found that TIPs were potential pNET prognosis indicators. In addition, therapy targeting platelets in pNET could improve the long-term survival of patients.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Pancreatic neuroendocrine tumor (pNET) is the second most common malignancy among pancreatic tumors. Most studies have primarily concentrated on the significance of tumor cells, but few have focused on the importance of the tumor microenvironment in pNET. Platelets are an important component of the tumor microenvironment. However, the importance of platelets in pNET lacks adequate literature support.

Research motivation
-------------------

To assess the potential clinical meaning of platelets in pNET and offer evidence concerning a potential anti-platelet therapeutic strategy for pNET.

Research objectives
-------------------

Tumor-infiltrating platelets are potential independent indicators of survival and recurrence outcome for patients with resectable pNET.

Research methods
----------------

In total, 113 patients who had undergone radical surgical resection were retrospectively enrolled. All the specimens were selected *via* pathologic diagnosis of pNET without distant metastasis or other tumor history. None of the patients had received any preoperative chemotherapy or radiotherapy or died of postoperative complications within 30 d. Immunohistochemical analysis of CD42b expression in tumor specimens was performed to determine the presence of TIPs. Univariate and multivariate analyses were applied to analyze the prognostic value of tumor-infiltrating platelets.

Research results
----------------

Tumor-infiltrating platelets were observed in intratumoral areas in 54 patients. Neither basic characteristics nor preoperative platelet count, mean platelet volume, or platelet lymphoid ratio showed a statistical relationship with CD42b expression. Platelet count, mean platelet volume, and platelet-to-lymphocyte ratio determined by preoperative blood tests were not related to overall survival or recurrence-free survival. Tumor-infiltrating platelets were found to be potential independent indicators of survival and recurrence outcome for patients with resectable pNET. The major limitations were that the nature of a retrospective study with a limited sample size restricts the level of evidence and that the mechanism by which platelets influence the recurrence of patients was not thoroughly investigated.

Research conclusions
--------------------

We uncovered a relationship between tumor-infiltrating platelets and the prognosis of patients with pNET following radical resection. We found that tumor-infiltrating platelets were potential pNET prognosis indicators. In addition, therapy targeting platelets in pNET could improve long-term survival. We further provide the clinical meaning of platelets in the tumor microenvironment in pNET.

Research perspectives
---------------------

A further prospective study with a large sample size should be conducted with multicenter cooperation, and additional experiments to assess the mechanism need to be implemented. If possible, we recommend a randomized double-blind controlled clinical trial for platelet-targeted therapy for pNET.
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